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Abstract 
The demand for electricity has risen with the rapid increase in population leading to 
depletion of fossil fuels. Alternate sources of energy such as renewable sources of energy like 
wind, solar PV and fuel cell are being brought into use. Renewable  sources  like  solar  PV  
and  fuel  cell stack  are  operated  at  low  voltage typically in the range of 20V-40V.  For 
certain applications which require higher voltage such as grid -tied systems, it is required to 
boost up the voltage. In this paper classification of topologies and step up converters for the 
application of solar has been presented. 
 
Keywords: Step up DC-DC Converter, Solar PV, classification of converters, coupled 
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I. INTRODUCTION 
With the rise in population, there has been 
a huge demand for electricity. This has led 
to an increase in the use of fossil fuels 
resulting in its rapid depletion. The focus 
is getting shifted to the use of renewable 
sources of energy like solar, wind, fuel 
cells etc because of the increased emphasis 
on the concepts of green energy and 
sustainable development. Solar energy has 
major contribution among all other 
renewable energy for power generation.   
 
 
Fig1:PV voltage conversion system[1] 
 
A PV cell, made up of Si, is capable of 
producing a DC voltage of 0.5V[2]. To 
increase output voltage, current and power, 
these cells are connected in either series or 
parallel configurations[3],[4]. Connection 
of these cells in series gives rise to a 
module which can produce voltage in the 
range of 20V-40V. To increase the voltage 
output ,connecting a large number of PV 
modules in series led to the formation of a 
string.[5] There are several 
disadvantages[6] of connecting the 
modules in series. It leads to  
1. Reduction of reliability 
2. Failure  of any one module will result 
in entire string being non-functional 
3. During the situation of partial shading, 
a shaded cell may become reverse 
biased and consume more power 
instead of producing it. 
 
In order to gain higher power levels, 
reliability and efficiency, PV modules are 
implemented with modular DC-DC 
structure [3],[7],[8]. 
 
Need for DC-DC Converters 
DC-DC converters are utilized as essential 
components as  power electronic  
interfaces  for renewable energy  sources  
such  as  photovoltaic  power  system and 
fuel  cells.  As most of the renewable 
sources produce very low output voltage, 
so there is a requirement of voltage booster 
to providing enough output voltage.  
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DC-DC converters are required in the 
process of  interfacing PV module and the 
battery to the inverter[9]. The major 
specifications of the converters are 
mentioned below [10]: 
 Maximum utilization of the primary 
source 
 Easy power flow management 
 Simplest possible converter topology 
 System voltage ratio requirement 
 Isolation requirements 
 Energy storage requirements 
 Easy implementation and low cost 
 
To increase the performance of the system, 
high step up DC-DC converters are used to 
convert from low voltage to high voltage 
as per the requirement of the applications 
[11]. Besides, DC-DC converters help in 
balancing the DC-bus capacitor voltages 
when a multilevel inverter is 
used[11],[12]. 
 
For  neutral point-clamped  (NPC)  
inverter,  it is  convenient for the DC-DC 
converters to provide symmetrical outputs 
with ability  to  control  the  neutral  point. 
DC-DC converter also help in the process 
of transferring maximum power from PV 
module to load[9]. 
 
The difficulties which result in the low 
efficiency of the DC-DC converters are 
due to the low input voltage and high 
inrush current. 
 
The traditional DC-DC converters [15]are 
capable of producing a very high voltage 
gain at an extremely high duty cycle. 
However, for a very high duty cycle, the 
voltage gain is reduced because of the non 
ideal elements in circuits such as 
inductors, capacitors, diodes, switches, etc. 
Moreover, extremely high duty cycle can 
create electromagnetic 
interference[13],[14]which might diminish 
the efficiency of the operation of circuits. 
The losses and voltage stresses across the 
devices increase at a high duty cycle. 
Many DC-DC converters have been 
proposed to achieve high voltage gain 
while overcoming these disadvantages of 
traditional converters. 
 
The conventional boost converter is used 
for high step up applications with high 
current ripples for power system which 
causes conduction losses. Most of the high 
step up converter is affected with high 
input current because of the inductance 
values. To reduce that, the switching 
frequency has to be increased and hence it 
reduces the voltage stress occurring in the 
switches. Moreover, soft-switching is 
needed to reduce the switching loss and to 
improve the performance. Conventional 
buck boost converter [18] can also be used 
for stepping up voltages but the limitation 
on duty cycle makes high gain not 
feasible. 
 
Keeping in mind the above demerits of 
converters, various changes have been 
made to improve the power supply 
rejection ratio, input voltage and current 
ripples with lowering of Electromagnetic 
Interference and cost. 
 
High step-up dc–dc converters are popular 
in portable electronic devices, in which 
battery storage systems or standalone 
renewable sources like PV and FC are 
typically employed as input sources to 
supply dc bus for electronic devices [15] , 
[16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Page 1-7 © MAT Journals 2018. All Rights Reserved 
 
Journal of Controller and Converters  
Volume 3 Issue 2 
II. Classification of step up DC-
DC converters 
 
Fig 2: Classification of DC-DC converters 
 
(a) Non-isolated and isolated 
Fig.3 Common Grounded Non-isolated 
DC-DC Converter 
 
Like PWM boost converters, other non-
isolated structures are used for low power 
levels with reduced cost and sizes. These 
may have a shared ground between input 
or output or a floated output. However for 
high power, high voltage gain, improving 
efficiency and reliability, magnetic 
coupling can be used. These can’t provide 
very high gain or efficiency. 
 
 
Fig. 4 1-stage isolated DC-DC Converter 
 
Isolation in converters can be achieved by 
using transformer or coupled inductor. It is 
used in the applications requiring reliable 
power transfer with low noise and reduced 
EMI. It can be of single stage or multi 
stage. Several technologies such as 
impedance source networks are used so as 
to reduce the requirement of additional 
active switches as in case of isolated 
converters. 
 
(b) Unidirectional and bidirectional  
 
Fig.5Unidirectional Converter 
These are the most fundamental types of 
converters in which there’s a flow of 
energy from source to load i.e. which 
transform power in one direction and are 
implemented using single quadrant 
switches such as power MOSFETs and 
diodes.  
 
As per the demand of the applications like 
storage system, the flow of power in both 
the direction was facilitated by replacing 
the unidirectional switches by bidirectional 
switches like IGBT. 
 
Fig.6Bidirectional Converter 
 
(c) Voltage Fed and Current Fed 
 
Fig.7Voltage fed and current fed 
Converter 
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Based on the input circuitry, the step up 
DC-DC converters can be divided into 
either voltage or current fed converters. 
These can be used in either isolated or 
non-isolated form. The voltage fed 
converters have capacitive filter at input 
side and normally convert input voltage to 
lower output voltage. It is suitable for high 
power applications. However due to lack 
of inductor at the input side, there’s a 
present of ripple at the input. These types 
of converters may have faster dynamic 
response. 
 
Current fed converters contain inductor at 
input side and normally can convert input 
voltage to a higher output voltage. These 
are popular for low voltage renewable 
energy applications such as photovoltaics 
(PV) and fuel cells (FC) because they can 
provide continuous input current with low 
ripples at input side. However, these may 
be implemented less frequently than 
voltage fed converters because of the cost 
issue. 
 
(d) Hard Switching/Soft switching 
Hard-switched converters lead to higher 
switching power loss. They may also 
suffer from high EMI because of high 
dv/dt and di/dt during turning ON and 
OFF of the switches respectively. As 
switching losses increase with the increase 
in switching frequency so there is a limit 
to the maximum switching frequency of 
such converters. 
 
Soft-switching converters utilize stray 
inductance and capacitance as part of 
resonance circuit to achieve zero-voltage 
switching (ZVS) or zero-current switching 
(ZCS). As voltage and current during 
transitions are zero, dc–dc converters can 
operate at high frequency, which often 
enables reductions size and weight. 
 
 
 
(e) Non-minimum phase and 
minimum phase 
Non-minimum phase systems are those 
systems whose zeroes lie in right hand side 
of the imaginary axis in s-plane. It 
possesses issues like slow dynamic 
response, small stability margin and 
challenging control design where as 
minimum phase systems have advantages 
such as fast dynamic response, large 
stability margin and ease in control 
designing. 
 
Following classification can be done based 
on configuration of the circuit:  
 
Fig 8: Classification based on 
configuration 
 
Based on configuration, the converters can 
be classified into three categories as: 
a)Series    b)Multilevel  C)Modular 
 
Connecting topologies in series is a direct 
way to increase output voltage. High 
efficiency and high power density are not 
achieved by this. Even though high voltage 
requirement is achieved in multilevel 
converters using low-voltage rating 
switches , their manufacturing is not 
standardised and each application requires 
modifications[17]. Modular converters 
provide standard and scalable design to 
meet different voltage specifications with 
reduced voltage across the switches[17]. It 
possess drawback of equal power 
distribution among converters. With 
modular topology, four architectures such 
as input-parallel output parallel, input 
parallel output series, input series output 
series, input series output parallel. 
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III. Step up DC-DC Converters for 
solar applications 
N.H . Baharuddin et al [18] has presented 
an idea of three types of DC-DC 
converters that can be integrated with solar 
PV system with the discussion of 
advantages and disadvantages of each 
topologies in terms of cost, component, 
efficiency and limitations. 
 
A new form of boost converter for solar 
power application has been presented in 
[19] with a gain of ten times by using 
coupled inductor and parallel capacitor. 
 
Buck boost converters have been in use for 
stepping up the voltage levels. Analysis 
and control design of transformer less high 
gain and high efficient buck-boost DC-DC 
converter has been presented in [20]. With 
state-space approach to modelling of an 
improved buck-boost has been given. 
 
Current-fed dc-dc converters[20] are 
frequently used for low-voltage renewable 
energy applications such as photovoltaics 
(PVs) and fuel cells (FCs) because a 
continuous input current can be provided 
by their input inductors, typically with low 
ripple. This feature has reduced the 
negative impacts of high ripple current on 
low voltage high-current sources. Current 
fed cock-croft Walton 
Multiplier[21]circuit too has been brought 
into use for stepping up voltage level. 
 
Wuhua Li[22]et al. have presented a 
review on non-isolated high step up DC-
DC converters for renewable applications 
in which the suggestions for high voltage 
boosting topologies have been given along 
with a discussion on limitations possessed 
by conventional boost converters. 
 
Geoffrey R. Walker[23] et al. has 
proposed an alternative topology of non-
isolated DC-DC converters connected in 
series to create a high voltage string.  
 
For applications involving multiple DC 
sources such as solar photovoltaic arrays, 
two transformer less step up DC-DC 
converters with symmetrical outputs was 
designed which was based on interleaved 
operation of two single structure of 
combined H-bridge with a voltage 
doubler[24]. 
 
A single switch isolated DC-DC converter 
in [25]uses  low number of switches than 
all existing isolated DC-DC converters 
which either used many switches to 
achieve efficiency or low number of 
switches resulting in low efficiency. 
 
A high gain multilevel buck-boost 
converter employing switched 
inductor[26] overcomes the limitation on 
duty cycle in case of conventional buck-
boost converter for obtaining  a high gain. 
With increase in multiplier levels, the gain 
increases without disturbing the main 
circuit by providing modularity. 
 
Isolated coupled inductor integrated DC-
DC converter with non-dissipative snubber 
for solar energy applications [26] is 
capable of producing a high gain without a 
high turns ratio of coupled inductor by 
adopting a dual voltage doubler circuit. 
There’s a provision of recycling of energy 
on primary side which improves the 
system efficiency which comes out to be 
96%. 
 
A SEPIC based dual output converter[27] 
is a combination of SEPIC converter and 
high gain multilevel boost. Depending on 
duty cycle, SEPIC converter can act either 
as step up or step down converter. The 
output voltage level can be increased 
through the introduction of diodes and 
capacitors without disturbing the main 
circuit. 
 
Non-isolated high step up converters[28] 
are popular in applications using 
renewable energy system using low 
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voltage energy sources such as fuel cells, 
solar panels, photovoltaic cells. Through 
it, voltage stress on switches is reduced 
which reduces conduction losses. 
 
A  bi-directional  DC-DC  converter  is  an 
important  part  of standalone  solar  
Photo-Voltaic  (PV)  systems  for  
interfacing  the battery[29]. The converter 
consists of a coupled inductor, inductor, 
two power switches and four diodes. 
During the operation of the circuit one 
switch, one coupled inductor and three 
diodes are used for step-up operation to 
boost up the voltage of the battery to 
match the high voltage dc bus. At each 
step, the number of components can be 
optimized to get high efficiency. The 
efficiency of the converter  is  as  high  as  
98%  for  both  step  up  and  step  down 
operations. 
 
IV. CONCLUSION 
The major parameters for selecting any 
converter for applications are energy 
efficiency, power density, cost, complexity 
and reliability and these parameters 
influence each other to some extent. Over 
these years the combinations of different 
of voltage boosting techniques and 
topologies have resulted into the design of 
new converters suitable for different 
applications including the applications like 
photovoltaic. 
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